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Eggs from the anuran Xenopus laevis are surrounded by a thick jelly coat that is required during fertilization. The jelly coat
contains three morphologically distinct layers, designated J1, J2, and J3. We examined the lectin binding properties of the
individual jelly coat layers as a step in identifying jelly glycoproteins that may be essential in fertilization. The reactivity of 31
lectins with isolated jelly coat layers was examined with enzyme-linked lectin-assays (ELLAs). Using ELLA we found that most
of the lectins tested showed some reactivity to all three jelly layers; however, two lectins showed jelly layer selectivity. The lectin
Maackia amurensis (MAA) reacted only with J1 and J2, while the lectin Trichosanthes kirilowii (TKA) reacted only with J2 and
J3. Some lectins were localized in the jelly coat using confocal microscopy, which revealed substantial heterogeneity in lectin
binding site distribution among and within jelly coat layers. Wheat germ agglutinin (WGA) bound only to the outermost region
of J3 and produced a thin, but very intense, band of fluorescence at the J1/J2 interface while the remainder of J2 stained lightly.
The lectin MAA produced an intense fluorescence-staining pattern only at the J1/J2 interface. Several lectins were also tested for
the ability to inhibit fertilization. WGA, MAA, and concanavalin A significantly inhibited fertilization and WGA was found to
block fertilization by preventing sperm from penetrating the jelly. Using Western blotting, we identified high-molecular-weight
components in J1 and J2 that may be important in fertilization. © 1999 Academic PressKey Words: anuran fertilization; egg jelly; lectin; Xenopus laevis.
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iINTRODUCTION
The extracellular matrix surrounding eggs from the anu-
ran Xenopus laevis consists of a vitelline envelope, which
resides just above the cell surface, and a thick, outer jelly
coat. The jelly coat contains three distinct layers, desig-
nated J1, J2, and J3, which are successively added to the egg
as it transits the oviduct (Freeman, 1968). If the jelly layer is
removed, sperm are unable to fertilize the egg, suggesting
that it is essential for fertilization (Wolf and Hedrick, 1971).
However, the precise role egg jelly plays in fertilization is
not known. In sea urchin eggs, molecules from egg jelly
have profound effects on sperm morphology and physiology
including induction of the acrosome reaction and increas-
ing sperm motility and respiration (Trimmer and Vacquier,
1986; Alves et al., 1997; Vacquier and Moy, 1997). Mol-
cules from X. laevis egg jelly may function similarly.
As a step in identifying egg jelly macromolecules that
ay be essential for fertilization, the lectin binding proper-1 Present address: Department of Zoology, Miami University,
Oxford, OH 45056.
428ies of the individual, isolated jelly layers that make up the
. laevis jelly coat were examined. The reactivities of 31
ectins with isolated J1, J2, and J3 were examined using an
nzyme-linked lectin assay (ELLA). A subset of these lec-
ins was then used to localize lectin binding sites in the egg
elly with confocal microscopy. The inhibitory effects of
hese lectins on fertilization were also determined. These
tudies revealed substantial heterogeneity in the distribu-
ion of lectin binding sites among and within the jelly
ayers. Three lectins inhibited fertilization and it appears
hat these three lectins inhibit fertilization via different
echanisms. Using blotting methods, we identified large
olecular weight jelly coat macromolecules that may be
mportant during fertilization.
MATERIALS AND METHODS
Procurement of Gametes and Extracellular
Matrices
Sexually mature X. laevis females were induced to ovulate by
injecting 1000 IU human chorionic gonadotropin into the dorsal
lymph sac. After approximately 10 h, eggs were collected and
0012-1606/99 $30.00
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429Xenopus laevis Egg Jellystored in 1.53 O-R2 (O-R2 is 82.5 mM NaCl, 2.5 mM KCl, 1.0 mM
CaCl2, 1.0 mM MgCl2, 1.0 mM Na2HPO4, 5.0 mM Hepes, pH 7.8).
ndividual egg jelly coat layers were obtained by microdissection as
reviously described (Hedrick and Hardy, 1991). It should be noted
hat J2 cannot be prepared free of contamination by J3 and particu-
arly J1 (Yurewicz et al., 1975). The jelly layers were carboxyamido-
ethylated according to the method of Rana et al. (1984). Protein
oncentrations were determined with the bicinchonic acid assay
sing bovine serum albumin as a standard (Smith et al., 1985).
Enzyme Linked Lectin Assays
Jelly proteins in 100 mM Na2CO3, pH 9.5, were added to 96-well
microtiter plates (50 ng of protein/well) and allowed to adhere
overnight as described by Quill and Hedrick (1996). The plates were
then washed with Tris-buffered saline (TBST; 150 mM NaCl, 0.1%
Tween 20, 10 mM Tris, pH 7.4), and TBST containing biotinylated
lectin (EY Laboratories, San Mateo, CA) in concentrations ranging
from 130 to 0.125 ng/ml was added. As a control, lectin was left
out. After 2 h, plates were washed with TBST and then incubated
with 0.1 ml streptavidin-alkaline phosphatase (10 mg/ml) for 1 h.
fter washing with TBST, 0.1 ml substrate (Sigma 104 phosphatase
ubstrate; 1 mg/ml) in buffer containing 1.5 M NaCl and 0.1 M
ris, pH 9.8 (Ternynck and Avrameas, 1990), was added and the
ate of product formation was monitored at 460 nm on a UVMax
inetic Microplate Reader (Molecular Devices, Menlo Park, CA).
he data were then fitted to the equation f 5 a(x)/(b 1 x), using the
urve-fitting function in SigmaPlot (Jandel Scientific, San Rafael,
A), where “a” (or Bmax) is related to the maximum amount of
onjugated lectin bound and “b” (or kB) is the lectin concentration
at 0.5 Bmax and provides a measure of lectin affinity. To obtain a
relative measure of lectin reactivity, “a” was divided by “b” to
obtain a quotient (Q).
Confocal Microscopy
Eggs were incubated with 20 mg/ml biotinylated lectin in OR2
for 1 h. After being washed three times with OR2, the eggs were
incubated with 20 mg/ml FITC-labeled streptavidin for 1 h. As
ontrols, eggs were incubated with 20 mg/ml FITC-labeled strepta-
idin only or a 200 mM concentration of the combining sugar was
ncluded in the lectin incubation. Eggs were then washed and
xamined with a Bio-Rad MRC-600 laser scanning confocal micro-
cope.
Fertilization Assays
Approximately 35 eggs were placed in tubes containing lectins in
concentrations ranging from 0 to 200 mg/ml, in 1.53 O-R2. After a
1-h incubation, eggs were washed three times with 1.53 OR2 and
then placed in a solution of O-R2 at 0.53 normal strength. Sperm
were then added at a final concentration of 2.5 3 106 cells/ml. After
–4 h, the number of eggs that had divided was determined.
lternatively, eggs were fixed 30 min after insemination in 3%
araformaldehyde. The eggs were then labeled with 1 mg/ml
oechst dye 33258 for 15 min and examined with a Zeiss confocal
icroscope (LSM 410) equipped with a UV laser. Three regions per
gg were optically sectioned and the number of sperm nuclei that
ad penetrated past jelly layer J3 were counted. For each treatment,
total of eight eggs (from two different females) were examined in
his way.
d
t
Copyright © 1999 by Academic Press. All rightAgarose Electrophoresis and Western Blotting
of Egg Jelly Molecules
Egg jelly macromolecules were separated by agarose electro-
phoresis using a technique modified from Preobrazhensky (1993).
Briefly, samples of jelly (5 mg protein/well) were electrophoresed in
% agarose gels in a horizontal chamber (Hoeffer Scientific, San
rancisco, CA) containing electrode buffer (0.1 M boric acid, 0.02 M
DTA, 0.1% SDS, 0.10 M Tris, pH 8). The gels were run at 50 mA
nd electrophoresis was discontinued when the tracking dye (Py-
onin y) had reached 7.5 cm. The proteins were then blotted onto
itrocellulose according to the method of Towbin et al. (1979). The
lots were blocked with 5% powdered milk, Tris-buffered saline
0.9% NaCl, 10 mM Tris, pH 7.4), and 0.02% sodium azide. The
lots were then incubated with biotinylated lectins (2–20 mg/ml) in
TBST overnight. As a control, a 200 mM concentration of a
competing sugar was included. After being washed with TBST,
blots were incubated with streptavidin-alkaline phosphatase (2
mg/ml) in TBST for 2 h. Reactive bands were visualized with
nitroblue tetrazolium chloride and 5-bromo-4-chloro-indolyl-
phosphate.
RESULTS
Enzyme-Linked Lectin Assays
Thirty-one different lectins were assayed for the ability to
bind to isolated J1, J2, or J3 jelly coat layers using ELLAs
(Tables 1 and 2). Kinetic assays were performed such that
the maximum velocity of the reaction, Bmax (in mAd/min),
as proportional to the amount of lectin bound to the jelly.
B is the lectin concentration at 12 Bmax and is a measure of
ectin affinity. To compare jelly reactivity among the dif-
erent lectins, Bmax was divided by kB to obtain the quotient
(Table 2). Q values provide a relative measure of lectin
eactivity where low kB values and large Bmax values con-
tribute to large Q values. For example, the Q values for
GA with J1 and J3 were 203 and 19.2, respectively,
rimarily due to differences in kB values (Table 2). This
indicates that that WGA is 10 times more reactive with J1
than J3 (Table 2).
On a quantitative basis, several lectins displayed jelly
layer selectivity. For instance, the lectins TKA, VFA, and
PNA bound to the outer layers, J3 and J2, but did not bind
to the inner J1 layer (Table 2). In contrast, MAA bound to J1
and J2, but did not bind to J3 (Table 2). Several lectins,
including STA, showed no reactivity with any of the jelly
layers (Table 2), while others, including concanavalin A
(Con A), WGA, and LOT, bound to all three jelly layers
(Tables 1 and 2). Six lectins that bound well with egg jelly or
that demonstrated jelly layer specificity were chosen for
further analysis as to their in situ reactivity and effects on
fertilization.
Localization of Lectin Binding Sites
The in situ location of lectin binding sites in egg jelly was
etermined using confocal microscopy. The three layers
hat comprise the jelly coat are readily distinguished with
s of reproduction in any form reserved.
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430 Mozingo and Hedricktransmitted light microscopy. J3 is the outermost, thick
layer, which has a flocculent appearance at its outermost
aspect (Fig. 1a). J2 is a thin layer that resides just beneath J3
(Figs. 1a and 1c). J1 is a “sticky” layer with a low refractive
index that tends to swell when J2 is removed (Figs. 1a, 1c,
and 1e). WGA bound well to all three jelly layers (Table 2).
Confocal microscopy revealed discrete patterns of lectin
binding within individual jelly coat layers. WGA reacted
with J3 only at its outermost boundary (Fig. 1b). When J3
was removed, WGA bound to J2, forming a dense fluores-
cent band at the J1/J2 interface (Fig. 1d, arrow), while
TABLE 1
Lectins Used in This Study
Lectin source
Lectin
acronym Sugar specificitya
Arachis hypogaea PNA Galb1,3GalNAc . a and bGal
Artocarpus JAC Galb1,3GalNAcb
Canavalia
ensiformis
Con A a-Man . aGlc . GlcNAc
Caragana
arborescens
CAA GalNAcc
Datura
stramonium
DSA GlcNAc(b1,4GlcNAc)1-3 5 Galb1,
4GlcNac
Galanthus nivalis GNA Mana1,3Man . Mana1,6Man .
Mana1,2Mand
Glycine max SBA a and bGalNAc . a and bGal
riffonia
simplicfolia
GS-I aGalNAc . aGal
ens culinaris LCH aMan . aGlc . aGlcNAc
Lotus
tetragonolobus
LOT aL-Fuc . L-Fuca1,2Galb1,
4GlcNAc @ L-Fuca1,2Galb1,
3GlcNAc
Maackia amurensis MAA NeuAca2,3Galb1,4GlcNAc/Glce
Maclura pomifera MPA aGalNAc . aGal
isum sativum PSA aMan . aGlc 5 aGlcNAc
Trichosanthes TKA bGalf
Tritucum vulgare WGA GlcNAc(b1,4GlcNAc)1-2 .
bGlcNAc . NeuAc
Tritucum vulgare
(succinyl)
sWGA GlcNAc(b1,4GlcNAc)1-2g
Vicia faba VFA aMan . aGlc 5 GlcNAc
Vicia villosa VVA GalNAca1,3Gal 5 aGalNAc
isteria floribunda WFA GalNAca1,6Gal . aGalNAc .
bGalNAc
Note. Man, mannose; Glc, glucose; Gal, galactose; GlcNAc,
N-acetylglucosamine; GalNAc, N-acetylgalactosamine; Fuc, fu-
cose; NeuAc, neuraminic acid.
a Goldstein and Poretz (1986), except as noted.
b Kabir (1998).
c Bloch et al. (1976).
d Shibuya et al. (1988).
e Knibbs et al. (1991).
f Yeung et al. (1986).
g Monsigny et al. (1980).binding lightly to the rest of J2 (Fig. 1d). When J2 and J3
were both removed, only the dense band of fluorescence
Copyright © 1999 by Academic Press. All rightemained at the outermost margin of J1 (Fig. 1f). When 200
M GlcNAc was included in the incubation mix, binding
o J2 and J3 was eliminated although some binding to J1 was
till observed (not shown).
The binding sites for the lectins MAA and TKA revealed
elly coat layer selectivity, similar to the results obtained with
LLA. The sialic acid binding lectin, MAA, did not react with
3 (Figs. 2a and 2b), instead it produced a band of fluorescence
n a region that appeared to correspond to J2. At higher
agnification in a J3-less egg, this band of fluorescence
omposed a region corresponding to J2 (Figs. 2c and 2d);
owever, removal of J2 left behind a significant amount of
uorescence, suggesting the MAA binding site comprised J2
nd the outermost aspect of J1 (Figs. 2e and 2f). Binding to this
egion was shown to be sialic acid-dependent since 200 mM
ialic acid eliminated lectin binding (not shown). TKA reacted
ith J3 but only at its outermost margin (Figs. 3a and 3b).
hen J3 was removed, TKA bound to J2, forming a punctate
uorescent pattern (Figs. 3c and 3d). In contrast, even when J2
nd J3 were both removed, no TKA binding to J1 was observed
Figs. 3e and 3f).
Con A reacted with all three jelly layers (Tables 1 and 2).
on A bound to J3 only at its outermost aspect (Figs. 4a and
b) and bound uniformly to J2 (Figs. 4c and 4d). When J2 and
3 were both removed, additional light binding was seen
hroughout the thickness of J1 (Figs. 4e and 4f). In addition,
on A reacted strongly with the vitelline envelope (arrows,
igs. 4d and 4f). Inclusion of 200 mM mannose completely
liminated Con A binding to jelly, although some light
inding to the VE remained (not shown).
Surface views of the three jelly coat layers labeled with
GA revealed striking differences in structure among the
ayers. In J3, WGA reacts primarily with large granules
pproximately 2.5 mm in diameter with some fibrous
tructure also present (Fig. 5a). In a J3-less egg, WGA
taining produces a pattern in J2 consisting of sickle-shaped
tructures embedded in a matrix of fine fibers (Fig. 5b).
emoval of J2–J3 revealed a delicate network of WGA-
taining fibers in J1 (Fig. 5c) in contrast to the granular
tructures in J2 and J3.
Effects of Lectins on Fertilization
To test the effects of lectins on fertilization, eggs were
preincubated with purified lectins, washed thoroughly, in-
seminated, and scored for fertilization. Two lectins that
effectively bound to jelly (high Q values), TKA and LOT,
and one lectin that did not react with jelly, STA, had no
effect on fertilization (Table 3). The lectins WGA, MAA,
and Con A all significantly inhibited fertilization (Table 3)
and WGA and MAA were particularily potent inhibitors of
fertilization. At low concentrations (25–40 mg/ml) WGA
and MAA reduced fertilization to 50% of the control values,
while at high concentrations (200 mg/ml) fertilization was
completely inhibited (Fig. 6), consistent with their binding
as determined by ELLA (Table 2). To determine whether
lectins were affecting sperm penetration of egg jelly, sperm
s of reproduction in any form reserved.
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431Xenopus laevis Egg Jellynuclei were labeled with Hoechst 33258 and the number of
sperm that had penetrated at least into the innermost jelly
layers, J1 and J2, was counted (Table 4). Although several
lectins appeared to have a slight effect on jelly penetration,
only WGA significantly inhibited sperm penetration of egg
jelly (Table 4), suggesting that MAA and Con A inhibit
fertilization by mechanisms other than prevention of sperm
penetration.
Western Blotting of Egg Jelly Macromolecules
To identify macromolecules in the egg jelly that may be
essential for fertilization, whole egg jelly and manually
dissected J1, J2, and J3 jelly coat layers were separated using
agarose electrophoresis, electroblotted onto nitrocellulose,
and probed with biotinylated lectins. Based on the lectin
binding patterns, egg jelly macromolecules separated into
two classes: high- and low-mobility components (Fig. 7).
Low-mobility components are those that run near the top of
the gel and have mobilities of Rm # 0.22. Lectin blots
evealed two major low-mobility components in J1 and J2
TABLE 2
Reactivity of X. laevis Egg Jelly Layers with Lectins—Bmax, kB, and
Lectin
J1
Bmax(mA/min) kB(mg/ml) Qa Bmax(mA/min
PNA NRb NR 439
JAC NR NR 338
Con A 300 76.7 3.9 182
CAA 137 138 0.99 254
DSA 55.4 79.5 0.70 59.3
GNA NR NR 29.1
SBA 39.7 86.0 0.46 452
GS-1 NR NR 1370
LCH 1050 337 3.1 316
LOT 85.8 11.5 7.5 74.7
MAA 330 60.8 5.4 254
MPA 50.2 264 0.19 253
PSA 279 35.2 7.9 243
TKA NR NR 929
WGA 294 1.45 203 267
sWGA 506 9.60 53 452
VFA NR NR 270
VVA 65.2 221 .30 172
WFA 477 38.3 12 623
Note. Bmax, the maximum amount of conjugated lectin bound, an
under Materials and Methods. The lectins CSA (from Cytisus scop
AA (from Laburnum alpinun), LBA (from Phaseolus lunatus), LE
TAgal, PTAgalNAc (both from Psophocarpus tetragonolobus), PW
UEA-I (from Ulex europaeus) were also tested and found to be
nonreactive if Bmax # 20 and/or kB . 350.
a Q was determined by dividing Bmax by kB as described under M
b NR, nonreactive as judged by the above criteria.Rm . 0.14 and 0.22) and one in J3 (Rm . 0.22). At least six
igh-mobility components, which had mobilites of Rm $
Copyright © 1999 by Academic Press. All right.37, were revealed by lectin staining (Fig. 7). In general, the
ectins TKA (Fig. 7b) and Con A (Fig. 7d) reacted better with
he high-mobility components, while MAA reacted only
ith low-mobility components (Fig. 7e). WGA reacted with
ow-mobility components as well as two high-mobility
omponents that appeared to be J1-specific (Fig. 7f). Consis-
ent with the results obtained with ELLAs, the lectin STA
id not react with components in any of the jelly layers (Fig.
a). Although lectin blotting revealed the presence of low-
obility components in all three jelly layers, the compo-
ents in J3 appeared to be distinct from those in J1 and J2.
oincidental staining of components in J2 with those
resent in J1 likely represented contamination of J2 with J1
omponents. A low-mobility component(s) in J3 (Rm . 0.22)
stained distinctly with the lectins TKA (Fig. 7b) and Con A
(Fig. 7d), exhibiting narrow bands of intense staining sur-
rounded by a broad smear of lighter staining. In contrast,
the low-mobility components in J1and J2 stained uniformly
dark with MAA (Fig. 7e) and WGA (Fig. 7f) and stained
uniformly, albeit lightly, with Con A (Fig. 7d). Thus,
although these low-mobility components had similar Rm
alues
J2 J3
kB(mg/ml) Q Bmax(mA/min) kB(mg/ml) Q
62.3 7.0 156 51.5 3.0
57.6 5.9 297 71.6 4.1
49.8 3.6 24.2 12.0 2.0
202 1.3 203 14.9 14
74.1 0.80 26.7 29.1 0.92
53.8 0.54 50.9 62.2 0.82
52.7 8.6 420 20.0 21
131 10 1230 81.4 15
11.1 28 156 4.75 33
11.7 6.4 39.2 19.3 2.0
52.5 4.8 NR NR
54.6 4.6 109 13.1 8.3
4.62 53 195 8.75 22
275 3.4 697 169 4.1
1.3 205 290 15.1 19
10.1 45 57.7 32.3 1.8
21.0 13 169 25.9 6.5
348 0.49 308 341 0.90
43.1 14 813 46.3 18
the lectin concentration at 0.5 Bmax, were determined as described
), DBA (from Dolichos biflorus), ECA (from Erythrina cristagalli),
ycopersicon esculentum), NPA (from Narcissus pseudonarcissus),
rom Phytolacca americana), STA (from Solanum tuberosum), and
reactive with all three jelly layers. Jelly layers were considered
als and Methods.Q V
)
d kB,
arius
A (L
A (f
nonvalues, they appear to be distinct in terms of lectin reactiv-
ity.
s of reproduction in any form reserved.
FIG. 1. Transmitted and corresponding fluorescent images of eggs fluorescently labeled with WGA. Eggs were examined with all three
jelly layers present (A,B), with J3 removed (C,D), and with J2 and J3 removed (E,F). Bar, 75 mm.
432
FIG. 2. Transmitted and corresponding fluorescent images of eggs fluorescently labeled with MAA. Eggs were examined with all three
jelly layers present (A,B), with J3 removed (C,D), and with J2 and J3 removed (E,F). Bar, 75 mm.
433
FIG. 3. Transmitted and corresponding fluorescent images of eggs fluorescently labeled with TKA. Eggs were examined with all three jelly
layers present (A,B), with J3 removed (C,D), and with J2 and J3 removed (E,F). Bar, 75 mm.
434
FIG. 4. Transmitted and corresponding fluorescent images of eggs fluorescently labeled with Con A. Eggs were examined with all three
jelly layers present (A,B), with J3 removed (C,D), and with J2 and J3 removed (E,F). Bars, 75 mm.
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436 Mozingo and HedrickDISCUSSION
X. laevis egg jelly is composed of 9 –11 glycoproteins
and it has previously been shown that these molecules
are distributed nonuniformly among the three jelly layers
(Yurewicz et al., 1975). This study confirms and extends
FIG. 5. Surface views of jelly layers fluorescently labeled with W
primarily of smaller, sickle-shaped granules (B). J1 lacks granules a
TABLE 3
Inhibition of Fertilization by Lectins
Lectin Controla
Number
of eggs
200 mg/ml
lectina
Number
of eggs
STA 97.6 6 1.7
(n 5 5)
146 94.8 6 1.5
(n 5 5)
138
LOTUS 98.5 6 1.5
(n 5 4)
130 96.8 6 1.9
(n 5 4)
124
TKA 97.3 6 1.7
(n 5 6)
147 95.3 6 2.2
(n 5 6)
154
CON A 96.0 6 2.1
(n 5 5)
169 39.0 6 21.3*
(n 5 5)
168
MAA 96.5 6 2.6
(n 5 4)
122 2.3 6 1.4**
(n 5 4)
124
WGA 95.8 6 2.5
(n 5 4)
140 6.8 6 3.9**
(n 5 4)
134
Note. Eggs were incubated in either the presence or absence of
the lectin indicated, washed and fertilized as described in Methods.
a Results are expressed as percentage fertilization 6 SEM.
* P , 0.05.
** P , 0.001.
Copyright © 1999 by Academic Press. All righthese observations by showing that jelly glycoproteins
re likely distributed in discrete regions within the jelly
oat layers as well. For example, the sialic acid-specific
J3 is composed of large round granules (A) while J2 is composed
stead has a fibrous, wispy appearance (C). Bar, 50 mm.
FIG. 6. Inhibition of fertilization by lectins. Eggs were incubated
with WGA and MAA at concentrations ranging from 0 to 200
mg/ml, washed, and fertilized as described under Materials and
Methods.
s of reproduction in any form reserved.
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437Xenopus laevis Egg Jellylectin MAA did not bind to J3 and bound to the other
layers only in a discrete region at the J1/J2 interface. In
contrast, TKA did not bind to J1, but bound well to J2 and
J3. WGA showed some binding to all three layers, but
bound only to the outermost portion of J3 and formed a
dense band of fluorescence at the J1/J2 interface. The
mannose-specific lectin Con A bound to J3 only at its
outermost surface and bound uniformly to J2. Thus, the
macromolecules that comprise the jelly coat are distrib-
uted throughout the jelly in a nonuniform manner. These
studies also revealed striking differences in the structure
of the jelly coat sublayers. J3 and J2 both have granular
appearances although the granules in J3 are much larger
and rounder than the sickle-shaped granules in J2. J1
lacks granules and instead is composed of a delicate
network of fibers. However, this difference in jelly coat
layers may not be intrinsic but rather induced by lectin
reactivity and aggregation.
Using morphological criteria, it has been shown that the
outermost jelly layer, J3, will differentiate into two distinct
layers depending on the medium in which the eggs are
immersed (Yoshizaki, 1985). In De Boers solution, J3 ap-
pears as a single layer, while in 0.05 De Boers, J3 differen-
tiates into two layers. In addition, distinct regions for the
production of these two layers have been identified in the
pars convoluta (Yoshizaki, 1985). In the present study, we
found significant differences in lectin affinity within re-
gions of J3. The outermost (or “J4”) region has a strong
affinity for a variety of lectins, whereas the innermost (or
“J3”) region is not very reactive with lectins, suggesting
that these regions differ in their composition. Thus, J3 can
be divided into two layers based on biochemical, as well as
morphological, criteria. Likewise, the inner region of J1
appears to be distinct from the outer portion of J1 based on
lectin reactivity.
There was, for the most part, consistency among the
TABLE 4
Effects of Lectins on Jelly Penetration
Lectin
Number of sperm penetrated
into inner jelly layers per egga
None 11 6 3.3 (n 5 8)
STA 19 6 3.1 (n 5 8)
TKA 4.4 6 1.3 (n 5 8)
Lotus 14 6 2.2 (n 5 8)
Con A 6.1 6 1.1 (n 5 8)
MAA 4.1 6 1.3 (n 5 8)
WGA 0.5 6 0.3 (n 5 8)*
a The number of sperm that had penetrated past J3 were counted
rom three randomly selected areas per egg. Results are expressed as
eans 6 SEM.
*P , 0.05.various assays. As with ELLAs, the lectin Con A reacted
with all three jelly layers on Western blots and with
Copyright © 1999 by Academic Press. All rightonfocal microscopy. The lectin MAA reacted only with
1 and J2 in ELLAs, on Western blots, and with confocal
icroscopy. The lectin TKA, which reacted solely with
2 and J3 in ELLAs and with confocal microscopy, showed
strong reaction with J2 and J3 and only a slight reaction
ith J1 on Western blots. ELLAs and confocal microscopy
oth indicated that WGA reacted with all three jelly
ayers; however, on Western blots this lectin reacted only
ith J1 and J2. ELLAs demonstrated that WGA is approxi-
ately 10 times more reactive with J1 and J2 than with
3, which may account for the lack of J3 reactivity on
ectin blots.
Lectin inhibition of fertilization may be a simple aggre-
ation phenomena, whereby lectin–ligand binding may cre-
te a steric barrier to sperm. Alternatively, inhibition may
e a more specific process, whereby lectin–ligand interac-
ion prevents specific sperm–jelly or sperm–VE interactions
rom occurring. Our data point to the latter mechanism
ince the lectins TKA and LOT, although reacting well with
elly, had no effect on fertilization, while the lectins WGA,
AA, and Con A all inhibited fertilization. Further, these
hree lectins appear to inhibit fertilization via different
echanisms, which is likely a reflection of their ligand
pecificity.
The lectin Con A does not affect the ability of sperm to
enetrate the jelly. In fact, Con A may be exerting its effects
n fertilization via the VE rather than the jelly. We have
hown that Con A reacts very well with the VE (Fig. 4);
ndeed, ELLA assays show that Con A is four to seven times
ore reactive with the VE than with any of the jelly layers
unpublished observation). In addition, Omata and Katagiri
1996) demonstrated that Con A inhibited sperm–VE bind-
ng in the amphibian Bufo japonicus. The lectin WGA acts
pon the jelly layer as it prevented penetration of sperm
nto the inner jelly layers. The mechanism by which MAA
ffects fertilization is not known. However, it is certain
hat it exerts its effects on sperm–jelly, rather than sperm–
E, since MAA does not react with the VE at all (Fig. 2, and
npublished observation). Moreover, MAA does not inhibit
perm from penetrating into the inner jelly layers. Lectin
lots demonstrated that MAA reacts exclusively with low-
obility components and microscopic examination re-
ealed that these components are distributed in a narrow
and at the J1/J2 interface. This suggests the involvement of
hese low-mobility, MAA-reactive components in X. laevis
ertilization.
Small, water-soluble or “diffusible” factors released from
gg jelly have been shown to be involved in fertilization in
ome anurans (Barbieri, 1976). In X. laevis, the requirement
or diffusible jelly factors in fertilization has not been
emonstrated, although X. laevis egg jelly may contain
hemoattractant factors (Al-Anzi and Chandler, 1998). Jelly
rom X. laevis is thought to have a “capacitating” effect on
perm, rendering them competent to fertilize dejellied eggs
Wolf and Hedrick, 1971). However, in X. laevis the capaci-
tating factor is not a small, diffusible component (Wolf and
Hedrick, 1971). X. laevis egg jelly does possess molecules of
s of reproduction in any form reserved.
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438 Mozingo and Hedrickrelatively low molecular weight that are diffusible, as well
as high-molecular-weight components that are not diffus-
ible (Bonnell et al., 1996). These high-molecular-weight,
ondiffusible components appear to correspond to the
AA-reactive, low-mobility components described in the
resent study. The lectin TKA does not react with high-
olecular-weight components and has no effect on fertil-
zation. In contrast, the lectin MAA is a potent inhibitor of
ertilization and reacts exclusively with high-molecular-
eight components in the J1–J2 layer. This indicates that
igh-molecular-weight, nondiffusible components are in-
olved in X. laevis fertilization, although their precise role,
FIG. 7. Blots of electrophoretically separated jelly components pr
r isolated J1 (lane 2), J2 (lane 3), or J3 (lane 4) were added to each la
nder Materials and Methods. (A) STA; (B) TKA; (C) LOT; (D) Connd that of other jelly components, remains to be elucidated
y additional research.
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